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High sensitivity photon polarization laser radar system

Zhao Yuan', Zhang Zijing', Ma Kun', Xu Lu', Lv Hua?, Su Jianzhong®
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Abstract: In the application of space target detection, due to the characteristics of small target and great
distance, the returned signal is very weak, even a few of photons or less than a photon per pulse. Such
weak signal can’t be detected by traditional laser radar. Moreover, the space target detection now not
only needs the range information, but hopes to get the intensity, polarization and more multi-dimensional
information. Therefore, high sensitivity photon polarization laser radar system was proposed based on the
four-way Gm—-APD single photon detector. The intensity formula of weak signal was deduced from the
Poisson probability model of Gm—APD detector. Then, the polarization information of the returned signal
was obtained through four-way intensity results. Finally, the principle prototype of four-way Gm-APD
photon polarization laser radar system was established in the laboratory, and the relevant experiment was
conducted. When the average energy of returned signal per pulse is 7.78x107"J, the experimental results
show the linear polarization error of 3.95% and the elliptical polarization error of 5.84%.
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Fig.1 Schematic diagram of four-way Gm—APD photon polarization

detection system
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Tab.1 Mueller matrix of the basic optical element
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Fig.2 Photo of four—way Gm—APD photon polarization

detection system
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Tab.2 Main device parameters of four-way

Gm-APD photon polarization detection

system
Device Parameter
a—BBO crystal, wavelength 532 nm,
Glan—Taylor diameter 25.4 mm , extinction ratio less

polarizer than 5x107°, damage threshold greater

than 10 MW/cm?, coating

Quartz crystal, clear aperture 18 mm,
outside diameter of stent 25.4 mm, phase
1/4 , wavelength 532 nm, double-sided
anti-reflection

Quarter wave plate

Quartz crystal, clear aperture 18 mm,
outside diameter of stent 25.4 mm, phase
1/2, wavelength 532 nm, double-sided
anti-reflection

Half wave plate

Wavelength 532 nm, laser purification
filter, bandwidth 2 nm, center
wavelength transmittance greater than
90 % , diameter 25.4 mm

Narrow-band filter

Combination of variable from 3 dB

Att t
enuator to 50 dB

CLC big beam optical fiber collimator ,

. . wavelength 532 nm, beam size 6.7 mm, far
Optical fiber .
field divergence angle 5 wrad, focal length

1limat
cotmator 17 mm, lens type PC(AR), insertion loss
less than 0.5 dB, reflection loss>55 dB
COUNT-100C-FC Gm-APD detector
Gm-APD module, quantum efficiency 60% @532 nm,

dead time 50 ns

Germany Becker & Hickl GmbH,
16 channel time correlation single—photon
counting card DPC-230

Photon counting
module
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Fig.3 Experimental results of the intensity error
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Fig.4 Experimental detection results of linear polarization
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